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This study aims to investigate the eﬀect of management regime on canopy arthropod community of the olive tree (Olea europaea L.).
Field studies were performed in two successive years, 2002 and 2003, in two olive groves, one under organic farming and the other under
integrated protection. The integrated protection grove was sprayed once a year in June, with dimethoate, to control the anthophagous
generation of the olive moth, Prays oleae (Bern.). From April to November of each year, the canopy arthropods were sampled weekly.
PRC method was used to analyse the eﬀect of management regime at the community level and results showed that taxa responded dif-
ferently to insecticide application suggesting that the organic grove was a more suitable habitat for the arthropods than the integrated
protection grove. Abundance of arthropods peaked in May and June for both years but, after spraying with dimethoate, decreased sig-
niﬁcantly in integrated protection grove, recovering very slowly thereafter. Psocoptera, Miridae, Formicidae and Coccinellidae were the
most sensitive taxa to insecticide application. Their decreasing in abundance was more evident in the second year of the trial. On the
other hand chrysopids showed some tolerance to insecticide applications. These results suggest that the timing of spray is of utmost
importance in reducing the side eﬀects of spraying on beneﬁcial arthropods. Moreover, diﬀerences in population susceptibility as well
as in life cycle patterns must be considered.
 2006 Elsevier Ltd. All rights reserved.
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Olive grove is an agroecosystem that supports a wide
range of diverse and functionally important groups of
arthropods (Morris et al., 1999; Rodrı´guez et al., 2003;
Ruano et al., 2004). The canopy arthropod community
has a complex structure that includes functional groups
with phytophagous, predators, parasitoids and detritivores
species (Rodrı´guez et al., 2003; Ruano et al., 2004). The
maintenance of the steady state between these groups is0045-6535/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chemosphere.2006.09.014
* Corresponding author. Tel.: +351 273303371; fax: +351 273325405.
E-mail address: saps@ipb.pt (S.A.P. Santos).important because functional biodiversity performs key
ecological services and can bring sustainability to agroeco-
system (Altieri, 1999). However, agricultural management
practices, specially the use of pesticides, disturb the natural
balance between guilds and some phytophagous species
increase rapidly resulting in pest outbreaks. These out-
breaks of pest populations after chemical treatment may
be induced by the reduction of predators or by the develop-
ment of resistance in pest population to certain insecticides
(Marc et al., 1999; Hawkes et al., 2005).
In the last decades, European Union developed policies
to regulate pest management under more environmentally
sensitive farming practices and has led to a widespread
interest in integrated protection (Boller et al., 2004) and
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of 24 June 1991). Both, integrated protection and organic
farming, are management regimes that promote the protec-
tion of the environment, speciﬁcally biodiversity, soil and
water and the achievement of high-quality agricultural
products (Guillou and Scharpe´, 2000; Malavolta et al.,
2002; Boller et al., 2004). To date, insecticides such as,
dimethoate, methidathion, phosmet, fenthion, thriclorfon
and summer oil (1–2%), as well as formulations of Bacillus
thuringiensis Berliner are allowed in olive groves in inte-
grated pest management in Portugal, although its uses is
recommended only when economic threshold is reached,
and in some cases in one only application (Gomes and Cav-
aco, 2003). However, in organic farming only naturally
derived pesticides such as B. thuringiensis can be used; syn-
thetic pesticides and fertilizers are excluded. Instead of syn-
thetic inputs, compost and animal and green manures are
used to build up soil fertility. Biological control through
the use of mating disruption, traps and releases of insect
predators or parasitoids is especially encouraged for both
agricultural systems (Luck et al., 1999).
In integrated protection, the use of authorized chemicals
to control olive pests can also aﬀect beneﬁcial arthropods
changing the equilibrium of the agroecosystem (Petacchi
and Minnocci, 1994; Rodrı´guez et al., 2003; Ruano et al.,
2004). For this, it is essential to improve knowledge on
the eﬀects of agricultural practices on arthropod commu-
nity (pests and beneﬁcial species). Therefore, the objective
of this investigation was to study the eﬀect of two diﬀerent
management regimes, organic farming and integrated pro-
tection, on canopy arthropod community.
2. Material and methods
2.1. Study areas
The study areas were located in two olive groves near
Mirandela (Portugal), Valbom-dos-Figos and Paradela
groves, with diﬀerent agricultural systems.
Valbom-dos-Figos (4133 0400N, 78 04300W) grove has
been conducted according to organic growing guidelines
since 1991. The grove covers an area of 3 ha and was
planted with trees between 50 and 80 years old spaced
10 · 10 m apart. The predominant cultivars are Cobranc¸-
osa and Verdeal Transmontana. No sprays were done
against pests or diseases and soil was fertilized with organic
nutrients two times a year.
In Paradela (4132 03800N, 77 02900W) olive grove plant
protection was done according to the principles of Inte-
grated Pest Management since 2001. The predominant olive
cultivar is Cobranc¸osa and in low numbers Verdeal Trans-
montana, Madural and Borrenta. The grove covers an area
of 3 ha, the planting density is of 9 · 9 meters and the trees
are about 50 years old. According to farmer’s information,
a dimethoate spray (150 ml hl1 of the formulation at
42.8% (W/V)) against the anthophagous generation of the
olive moth, Prays oleae (Bern.), was applied in June: 13and 16 June of 2002 and 2003, respectively; soil was
fertilized with organic and mineral nutrients two times a
year.
Both olive groves were not irrigated and soil was
ploughed superﬁcially with a scariﬁer two to four times a
year to control weeds. Trees were pruned every two or
three years. In this work, Valbom-dos-Figos is referred as
organic and Paradela as integrated grove.
2.2. Survey of canopy arthropods
Sampling was carried out weekly, between April and
November of two consecutive years, 2002 and 2003.
Arthropods were collected by the beating technique. In
every sampling period, ﬁve samples per olive grove were
collected. Each sample has the beatings of 10 branches ran-
domly selected. All captured individuals were frozen,
sorted and identiﬁed under binoculars until Orders, Fami-
lies or species taxa and the total number of each taxon was
recorded.
Each taxon was further classiﬁed by their trophic role
based on personal observation and literature review (Chin-
ery, 1993; Fauvel, 1999; Iperti, 1999; Sommaggio, 1999;
Stelzl and Devetak, 1999). Whenever larvae and adults
belonged to diﬀerent functional groups they were counted
and classiﬁed independently. Phytophagous, predators
and detritivores were classiﬁed based on whether they ate
primarily plants, animals, and dead matter or fungi, respec-
tively. Parasitoids were host feeders; omnivorous had diﬀer-
ent food sources such as pollen, yeast, fungus, honeydew
and small arthropods; and indeterminate included taxa with
phytophagous, predators or parasitoids species.
2.3. Statistical analysis
Univariate statistical analyses were performed using the
Statistica statistical package, version 7.0 (StatSoft, 2004).
Data were evaluated for normality and homogeneity of
variances with Kolmogorov–Smirnov test and Bartlett’s
test, respectively and when necessary, the transformation
log10(x + 1) was used to normalise the data. The abun-
dance of individuals from diﬀerent taxa and trophic guilds
captured in both olive groves over diﬀerent times was com-
pared by repeated measures analysis of variance (Zar,
1998).
Multivariate statistical analyses were performed using
CANOCO for Windows 4.5 (Ter Braak and Sˇmilauer,
2002). Multivariate techniques were applied to analyse
the response of the whole community. Principal response
curves (PRC) analysis is derivative of the multivariate ordi-
nation technique redundancy analysis (RDA) and was
especially designed for time series obtained from experi-
ments performed with communities (Van den Brink and
Ter Braak, 1999; Van den Brink et al., 2003). The resulting
PRC diagram displays a curve for the treatment that can be
interpreted as the principal response of the community. By
deﬁnition, the reference is zero in every date and, at each
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pattern or Cdt) of the treatment curve d compared to refer-
ence is proportional to the eﬀect of insecticide spraying.
The advantage of this method over other methods is that
it is able to focus on the part of the variance explained
by the treatment (here integrated grove) when compared
with the reference site (here organic grove). The objective
of a PRC diagram is to maximize the amount of variance
that is displayed by the eﬀect of treatment; when the dis-
played variances are large then the ﬁtted relative abun-
dance of individual taxa inferred from the diagram
matches very well the observed relative abundance (Ter
Braak and Sˇmilauer, 2002). The species weight (bk) indi-Table 1
Total abundance (N) and mean ± standard error of the mean (SE) of taxa an
protection olive groves in 2002
Group Organic 2002 (n = 145) Inte
N Mean ± SE N
Phytophagous
Homoptera
E. olivina 21 0.14 ± 0.03 2
Lepidoptera
P. oleae (Larvae) 14 0.10 ± 0.05 7
Thysanoptera 226 1.56 ± 0.17 26
Predators
Araneae 811 5.59 ± 0.32 49
Heteroptera
Miridae 382 2.63 ± 0.26 18
Anthocoridae 30 0.21 ± 0.11 1
Coleoptera
Coccinellidae 1203 8.30 ± 0.61 53
Neuroptera
Chrysopidae (Larvae) 57 0.39 ± 0.07 11
Hymenoptera
Formicidae 1756 12.11 ± 1.05 274
Parasitoids
Hymenoptera 728 5.02 ± 0.45 68
Detritivores
Dermaptera 15 0.10 ± 0.03 1
Psocoptera 1073 7.40 ± 0.63 103
Omnivorous
Neuroptera 10 0.07 ± 0.02
Chrysopidae (Adults) 35 0.24 ± 0.04 3
Lepidoptera
P. oleae (Adults) 58 0.40 ± 0.07 4
Indeterminate
Acari 1805 12.45 ± 2.10 22
Coleoptera 902 6.22 ± 0.43 46
Diptera 941 6.49 ± 0.82 51
Total 10067 69.87 ± 3.41 745
Trophic Guild
Phytophagous 261 2.24 ± 0.19 36
Predators 4239 29.23 ± 1.36 407
Parasitoids 728 5.02 ± 0.45 68
Detritivores 1088 7.50 ± 0.63 105
Omnivorous 103 0.71 ± 0.08 8
Indeterminate 3648 25.16 ± 2.45 119
n = total number of samples.
a ns – Non-signiﬁcant, *p < 0.05, **p < 0.01, ***p < 0.001.
b Number of sample dates (out of 29 total) on which the F-value was signiﬁcates how closely the response of species k matches the
overall community response as displayed in the PRC dia-
gram. Taxa with a positive weight are expected to decrease
in abundance, relative to reference while taxa with negative
weight are expected to increase. Taxa with species weights
between 0.5 and 0.5 show a weak response.
Expression (1) can be applied for each species k at treat-
ment d and sampling date t to evaluate quantitatively the
PRC
expðbk  CdtÞ ð1Þ
The value obtained times the geometric mean in the refer-
ence gives the abundance in the treatment for species k.d functional groups captured in total samples in organic and integrated
grated 2002 (n = 145) F1,8 p
a ab
Mean ± SE
8 0.19 ± 0.04 0.83 ns 2
0 0.48 ± 0.12 41.53 *** 2
4 1.82 ± 0.24 0.07 ns 1
5 3.41 ± 0.26 33.49 *** 6
3 1.26 ± 0.23 26.31 *** 10
0 0.07 ± 0.02 1.75 ns 1
0 3.66 ± 0.35 40.30 *** 14
6 0.80 ± 0.10 9.86 * 5
1 18.90 ± 3.29 11.67 ** 16
3 4.71 ± 0.48 1.01 ns 12
6 0.11 ± 0.04 0.08 ns 0
7 7.15 ± 1.30 35.98 *** 18
4 0.03 ± 0.01 2.79 ns 0
9 0.27 ± 0.04 1.14 ns 3
0 0.28 ± 0.06 3.84 ns 5
1 1.52 ± 0.30 117.08 *** 21
0 3.17 ± 0.28 36.67 *** 12
5 3.55 ± 0.55 21.82 ** 9
2 51.99 ± 4.68 30.76 *** 20
2 3.10 ± 0.35 0.83 ns 5
5 28.10 ± 3.44 17.13 ** 20
3 4.71 ± 0.48 1.01 ns 12
3 7.26 ± 1.35 32.77 *** 19
3 0.57 ± 0.07 5.21 ns 4
6 8.25 ± 0.74 94.88 *** 16
cant p < 0.05.
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A total of 35346 and 14540 arthropods were captured
in the organic and integrated groves, respectively over the
two years of the study. Arthropods were classiﬁed into
12 orders: Acari, Araneae, Coleoptera, Dermaptera, Dip-
tera, Heteroptera, Homoptera, Hymenoptera, Lepidop-
tera, Neuroptera, Psocoptera and Thysanoptera. From
those, ﬁve families (Formicidae, Coccinellidae, Miridae,
Chrysopidae and Anthocoridae) and two pests were identi-
ﬁed, the olive moth P. oleae, the most important pest of the
olive tree in the region and the olive psylla Euphyllura oli-
vina Costa, a secondary pest. The overall taxa abundance
varied between olive groves and years and was signiﬁcantly
higher in organic than in integrated grove (F1,8 = 30.76,
p < 0.001 for 2002 and F1,8 = 764.26, p < 0.001 for 2003)
and in 2003 than in 2002 (F1,548 = 46.47, p < 0.001).
In 2002, arthropod community in organic grove
was numerically dominated by Acari and Formicidae
(17.9% and 17.4%, respectively), followed by Coccinellidae
(12%) and Psocoptera (10.6%); in integrated grove, com-
munity was mainly dominated by Formicidae (36.8%),
followed by Psocoptera (13.9%). Predators were the most
abundant functional group in both groves (Table 1).0
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Fig. 1. Abundance (mean ± SE) of diﬀerent trophic groups in each samplin
diﬀerences were observed (p < 0.05) between olive groves. Arrows indicate sprAverage abundance of seven taxa out of 19 were signiﬁ-
cantly lower in integrated grove (p < 0.05) compared with
organic, including predators such as Araneae, Miridae and
Coccinellidae. On the other hand, average abundance of
Formicidae was signiﬁcantly higher in integrated than
in organic grove but the greatest peaks of abundance were
recorded before the application of the insecticide, decreas-
ing thereafter. For phytophagous species, only for the
target, P. oleae, were found signiﬁcant diﬀerences (p <
0.05) between groves with a higher abundance in inte-
grated than in organic grove. No signiﬁcant diﬀerences
(p > 0.05) were observed for omnivorous and parasitoids
between groves (Table 1).
Before sprays against P. oleae, the abundance of trophic
groups was generally higher in integrated than in organic
grove. However, spray caused a decrease in the abundance
of arthropods (Fig. 1). Predators and detritivores were the
most aﬀected groups. This situation was observed in sam-
pling dates immediately after the insecticide application,
when signiﬁcant diﬀerences between groves were found
(p < 0.05). The eﬀect of spray on detritivores remained
until the end of sampling period and no recovery was
observed, while parasitoids recovered, increasing in abun-
dance in the mid-summer.0
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community in organic grove with 50.8% of total specimens
captured, followed by Diptera (8.6%), Coccinellidae (6.9%)
and Formicidae (6.3%); in integrated grove, Psocoptera
accounted 21.9% of total captures, followed by Diptera
(17.0%), Araneae (9.8%) and Formicidae (8.8%). The dom-
inant trophic group was diﬀerent for organic and inte-
grated groves. Detritivores dominated the former whereas
predators prevailed in the second (Table 2). In this year,
the diﬀerences between management regimes increased.
Thus, average abundance of 15 taxa out of 19 was signiﬁ-Table 2
Total abundance (N) and mean ± standard error of the mean (SE) of taxa an
protection olive groves in 2003
Group Organic 2003 (n = 130) Inte
N Mean ± SE N
Phytophagous
Homoptera
E. olivina 593 4.56 ± 0.37 238
Lepidoptera
P. oleae (Larvae) 320 2.46 ± 0.96 191
Thysanoptera 308 2.37 ± 0.23 246
Predators
Araneae 1010 7.77 ± 0.47 696
Heteroptera
Miridae 1367 10.52 ± 1.46 53
Anthocoridae 80 0.62 ± 0.09 5
Coleoptera
Coccinellidae 1731 13.32 ± 1.04 332
Neuroptera
Chrysopidae (Larvae) 326 2.51 ± 0.22 212
Hymenoptera
Formicidae 1584 12.18 ± 0.80 623
Parasitoids
Hymenoptera 645 4.96 ± 0.36 584
Detritivores
Dermaptera 7 0.05 ± 0.02 48
Psocoptera 12840 98.77 ± 10.38 1556
Omnivorous
Neuroptera 8 0.06 ± 0.02 20
Chrysopidae (Adults) 54 0.42 ± 0.08 43
Lepidoptera
P. oleae (Adults) 495 3.81 ± 0.78 382
Indeterminate
Acari 848 6.52 ± 1.15 70
Coleoptera 878 6.75 ± 0.47 585
Diptera 2185 16.81 ± 2.53 1204
Total 25279 195.08 ± 12.45 7088
Trophic Guild
Phytophagous 1221 10.02 ± 1.24 675
Predators 6098 46.91 ± 3.05 1921
Parasitoids 645 4.96 ± 0.38 584
Detritivores 12847 98.82 ± 10.96 1604
Omnivorous 557 4.28 ± 0.82 445
Indeterminate 3911 30.08 ± 3.17 1859
n = total number of samples.
a ns – Non-signiﬁcant, *p < 0.05, **p < 0.01, ***p < 0.001.
b Number of sample dates (out of 26 total) on which the F-value was signiﬁcantly lower in integrated grove (p < 0.05) compared with
organic including all phytophagous, predators, parasitoids
and indeterminate taxa.
Unlike 2002, during 2003 the seasonal abundance of tro-
phic groups was commonly higher in organic than in inte-
grated grove with the diﬀerence being magniﬁed after
spraying (Fig. 2). The greatest diﬀerences were observed
on predators and detritivores which reached high levels
of abundance in organic grove in the beginning of summer.
In integrated grove the abundance decreased after insecti-
cide application and signiﬁcant diﬀerences between thed functional groups captured in total samples in organic and integrated
grated 2003 (n = 130) F1,8 p
a ab
Mean ± SE
1.83 ± 0.20 105.86 *** 11
1.47 ± 0.45 6.59 * 3
1.89 ± 0.34 10.41 * 9
5.35 ± 0.30 114.79 *** 9
0.41 ± 0.08 306.96 *** 16
0.04 ± 0.02 182.19 *** 4
2.55 ± 0.20 202.91 *** 16
1.63 ± 0.17 21.39 ** 2
4.79 ± 0.81 439.24 *** 16
4.49 ± 0.42 14.49 ** 10
0.37 ± 0.07 23.49 ** 1
11.97 ± 2.30 1078.20 *** 24
0.15 ± 0.04 17.11 ** 0
0.33 ± 0.05 0.31 ns 2
2.94 ± 0.91 15.27 ** 9
0.54 ± 0.10 60.48 *** 10
4.50 ± 0.33 25.48 *** 12
9.26 ± 1.47 80.89 *** 7
55.26 ± 4.93 764.26 *** 22
5.93 ± 0.81 37.41 *** 12
14.78 ± 1.01 553.28 *** 18
4.49 ± 0.45 14.49 ** 10
12.34 ± 2.45 932.29 *** 24
3.42 ± 0.97 8.83 * 5
14.30 ± 1.62 150.50 *** 15
cant p < 0.05.
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predators and 16 out of 17 dates for detritivores. Once
more, parasitoids recovered easily after spraying.
Phytophagous were much more abundant in 2003 than
in 2002 and it happened that in both years, sprays were
done after the peak value of abundance has been reached.
PRC diagram concisely shows changes through the two
years in the variability of canopy arthropod community
composition. Of the total variance, 43% is explained by
sampling date and 29% by management regime. The Monte
Carlo permutation test showed a signiﬁcant diﬀerence
between groves and 63% of that diﬀerence is displayed by
the ﬁrst PRC axis (Fig. 3). On the sampling dates immedi-
ately before each insecticide application, PRC shows small
diﬀerences between the integrated and organic curves indi-
cating that captures were similar. After that, PRC shows
large diﬀerences and the negative values of cdt indicate that
captures were lower in the treatment than in reference; the
greatest diﬀerences in catch between groves are clearly evi-
dent in two periods: 19 June 2002 and 17 June 2003 which
coincides with sprays against P. oleae. After insecticide
applications the arthropod community recovered very
slowly. Psocoptera had the highest positive weight (bk) fol-
lowed by important predators groups such asMiridae, Coc-
cinellidae (adults) and Formicidae that decreased in0
20
40
60
80
100
Organic
Phytophagous
* * * * * * * * * * * *
0
5
10
15
20
25
A
bu
nd
an
ce
 (M
ea
n±
SE
)
Parasitoids
* * * * * * * * * *
0
15
30
45
60
75
14
/4
30
/4
14
/5
28
/5
10
/6
25
/6 9/7 24
/7 6/8 19
/8 3/9 18
/9
24
/10
Omnivorous
* * * * *
Sampling date
Fig. 2. Abundance (mean ± SE) of diﬀerent trophic groups in each samplin
diﬀerences were observed (p < 0.05) between olive groves. Arrows indicate sprabundance after insecticide application. Taxa with weights
between 0.5 and 0.5, like P. oleae (larvae), had a weak
contribution to the overall community response. Expres-
sion (1) was applied to the two groups of predators most
aﬀected by the spraying. Thus, for abundance of mirids
on 25 June 2002, the PRC diagram predicts that at inte-
grated grove it would be exp(1.6 * 0.75) = 0.30 times the
abundance at organic grove. For coccinellids, the ﬁtted
relative diﬀerence in abundance between organic and
integrated groves on 25 June 2002 is exp(1.47 * 0.75) =
0.33. This agrees well with the actual data, in which the
geometric mean counts on 25 June 2002 for mirids were
0.8 and 2.5, respectively, for integrated and organic groves
(relative abundance 0.32) and for coccinellids were 1.1 and
3.0 (relative abundance 0.37). Similarly, on 25 June 2003,
the PRC diagram predicts that the abundance of Mirids
in integrated grove would be exp(1.60 * 1.75) = 0.06
times that observed in organic grove. For coccinellids the
diﬀerence in abundance between both olive groves is
exp(1.47 * 1.75) = 0.076. Again, in this example, the ﬁtted
relative abundance is close to the observed relative abun-
dance of 0.057 for mirids (geometric mean counts were
2.4 and 41.9, respectively, for integrated and organic grove)
and 0.074 for coccinellids (geometric mean counts were 2.2
and 29.4, respectively, for integrated and organic grove).0
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In this study, the most representative orders were Pso-
coptera, Hymenoptera, Diptera and Coleoptera varying
in proportion between groves and years. These groups have
been reported in the literature (Petacchi and Minnocci,
1994; Belcari and Dagnino, 1995; Ruano et al., 2001) as
typically abundant groups in olive groves. Psocoptera is
considered an unimportant economically order (Chinery,
1993) whereas the other three orders include key-groups
of predators, parasitoids and phytophagous. Ants and
wasps (O. Hymenoptera) and coccinellids (O. Coleoptera),
for instance, play an important role in the biological con-
trol of olive pests like P. oleae and Saissetia oleae (Olivier)
(Obrycky and Kring, 1998; Iperti, 1999; Morris et al., 1999,
2004).
In the two years of study, total abundance was higher in
organic than in integrated olive grove. However, Ruano
et al. (2004) found a higher total abundance of arthropods
in integrated than in organic grove as a consequence of the
number of Homoptera, namely due to the presence of the
olive pest E. olivina.
Disturbance caused by the use of dimethoate to control
anthophagous generation of P. oleae in integrated grove
had a strong and dramatic eﬀect on the abundance of dif-
ferent trophic groups. Predators and detritivores, in partic-
ular, showed a long recovery period. Petacchi and
Minnocci (1994) using chromotropic sticky traps and Bel-
cari and Dagnino (1995) using Malaise traps also observed
an abrupt reduction of entomofauna in Italian olive groves
after dimethoate application.
PRC showed that the target species, P. oleae, was
not strongly aﬀected by insecticide treatments, probably
because these were not correctly timed as in both years they
were done slightly after the abundance of anthophagousgeneration has reached its peak. As a consequence of
successive applications of dimethoate, is likely that the
pest population has developed insecticide resistance,
similarly to what was demonstrated for another pest, the
olive fruit ﬂy, Bactrocera oleae (Gmelin) (Hawkes et al.,
2005).
Mirids, coccinellids and ants were the predators more
aﬀected by the insecticide, which in part can be explained
by the fact that they were abundant groups when sprays
were done. The eﬀect of insecticide was even more pro-
nounced in 2003 because the abundance of those groups
reached higher values than in 2002. Rodrı´guez et al.
(2003) also found a strong toxicity of the deltamethrin
towards those families. Fauvel (1999) stated that mirids
are rather susceptible to insecticides and are eliminated
from commercial groves because of low number of genera-
tions per year. Comparatively, anthocorids are more toler-
ant to pesticide application being better able to maintain
themselves in the presence of chemical treatments in part
due to the occurrence of a greater number of generations
per year and because they are more mobiles having great
ability to search for protection (Fauvel, 1999). However,
anthocorids are typically found in minor number than mir-
ids in olive cultivation and in this study they were found in
more abundance in the organic grove.
Iperti (1999) veriﬁed that coccinellids are, in general,
highly vulnerable toward chemical treatments and dimeth-
oate is considered a very toxic insecticide to this preda-
ceous group. In laboratory studies, Ba M’hamed and
Chemseddine (2002) concluded that Pullus mediterraneus
is a very sensitive species to dimethoate. These authors
observed high mortality rates of adults within few hours
after dimethoate exposition at recommended doses. P.
mediterraneus was a common species in both organic and
integrated olive groves (Santos et al., unpublished).
138 S.A.P. Santos et al. / Chemosphere 67 (2007) 131–139Although ants are considered a key-group in olive grove
(Morris et al., 1999; Pereira et al., 2004) namely as bioindi-
cators of disturbances, the information concerning the
eﬀect of pesticides over this group is scarce. In olive grove,
ant species nest in soil or in old olive trunks and climb to
the canopy to eat insects and liquid sugars (Redolﬁ et al.,
1999). Two ideas can be addressed to justify the decrease
of ants in integrated grove. On the one hand, ants could
be a susceptible group and were directly aﬀected by
the spray with dimethoate. On the other hand, prey deple-
tion on the canopy justiﬁes the consequently decrease of
these predators that stop to climb the tree staying in the
soil.
Spiders are abundant predators in olive groves, but their
role is relatively unknown. They were more abundant in
organic than in integrated grove indicating some suscepti-
bility to chemicals. This result is in agreement with those
obtained by Ruano et al. (2004) and Ca´rdenas et al.
(2006). In tomato ﬁelds, Yardim and Edwards (1998) also
observed a severe decrease of spider populations after
treatments with carbaryl, endosulfan and esfenvalerate
insecticides although diﬀerent species respond in diﬀerent
ways when exposed to pesticide residues.
Parasitoids, showed a good recovery rate after spraying
probably because at the time of treatment they were pro-
tected inside the insect host being less exposed to the insec-
ticide. However, considering the individuals aﬀected, it is
diﬃcult to make the distinction whether parasitoids larvae
died directly or because their hosts were killed by the
insecticide.
Chrysopids showed to be the more tolerant predators to
insecticide since their species weight in PRC diagram is
next to zero. In addition, several authors reported the tol-
erance of chrysopids to certain insecticides. In the study of
Rodrı´guez et al. (2003), chrysopids, namely the most abun-
dant species in olive grove, Chrysoperla carnea Stephens,
showed some resistance to deltamethrin. Furthermore,
Ruano et al. (2001) using the beating technique and Cor-
rales and Campos (2004) using McPhail traps caught more
chrysopids in integrated groves treated with dimethoate
than in organic olive groves, as occurred in our study in
2002. Stelzl and Devetak (1999) considered that, due to
their voracity and tolerance to many insecticides, chryso-
pids (especially C. carnea) seems to show all the biological
and ecological attributes for mass production. Therefore,
mass rearing and mass release of chrysopids should become
standard methods of biological pest control.
For less abundant groups such as Dermaptera and other
Neuroptera, the PRC output should be regarded with cau-
tion since abundance of those groups was very low, the
impact of insecticide application may be misleading.
Although according to PRC diagram they can be classiﬁed
as tolerant groups more studies are needed to support this
idea.
In sum, PRC method showed to be a valuable tool for
evaluating eﬀects of management regime at the community
level although for groups with few sampled individuals,results must be carefully considered; otherwise the conclu-
sions can be biased.5. Conclusions
The olive management regime inﬂuenced the patterns of
abundance of arthropod community. The abundance of
diﬀerent trophic groups was reduced after the application
of dimethoate to control P. oleae in integrated grove. The
impact of the pesticide was more pronounced on preda-
ceous mirids, coccinellids and ants. Besides the intrinsic
susceptibility of each group, the pattern of the life cycle
and the number of generations per year are also ecological
characteristics that inﬂuence the eﬀect of the insecticide and
the capacity to recover.
This study suggested that a timely application will be
more eﬀective in the control of the pest. Therefore, some
attempt must be done in order to choose the most suitable
occasion to do the application allowing also the reduction
of the dose of pesticide applied. A more eﬀective control of
olive pests can be achieved by increasing the cooperation
between farmers, technicians and researchers. The idea is
to apply the best management practices in order to reduce
negative impacts on biodiversity that provides ecological
services such as biological pest control. These services pro-
mote the sustainability of agroecosystems and enhance
nutrient cycling, and water and soil conservation.
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